Perilymphatic fistula (PLF) is defined as an a bnorma I com munication between the fluid (perilymph)-filled space of the inner ear and the air-filled space of the middle ear and mastoid, or cranial spaces. PLF is located in the round or oval window, fractured bony labyrinth, microfissures, anomalous footplate, and can occur after head trauma or barotrauma, chronic inflammation, or in otic capsule de hiscence. This clinical entity was initially proposed more than a century ago, yet it has remained a topic of contro versy for more than 50 years. The difficulty of making a definitive diagnosis of PLF has caused a long-standing debate regarding its prevalence, natural history, man agement and even its very existence. In this present study, we will discuss the symptoms, physiological tests (focusing on vestibular assessment) and imaging studies.
Introduction
Perilymphatic fistula (PLF) is defined as an ab normal communication between the fl uid (perilymph)-filled space of the inner ear and the air-filled space of the middle ear and mastoid, or cranial spaces. PLF may be located in the round or oval window, via a fractured bony labyrinth or via microfissures and may be associated with an anomalous foot plate. They can occur after head trauma, barotrauma, chronic inflammation or in otic capsule dehiscence including stapes surgery.
PLF, as a clinical entity, was initially proposed more than a century ago, yet it has remained a topic of controversy [ 1] . Patients present with au diovestibular symptoms, but the precise symp toms are variable and often non-specific. It is a unique disease in the sense that its definition var ies from one doctor to another, from country to country. One's understanding of the condition and its diagnosis often depends on the philosophy of the institute in which one has trained. Through discussions with doctors worldwide, it is clear that the main symptoms of PLF are believed to be hearing problems in Japan, vestibular problems in US and Australia, and a combination of these in Europe. The variability in presentation and limitations of current investigative techniques of ten make diagnosis difficult. Unlike most other causes of sensorineural hearing loss and dizziness, PLF is usually surgi cally correctable by sealing the fistula. Appropri ate recognition and treatment of PLF can im prove hearing and balance, and in turn improve the quality of life of afflicted patients. Therefore, PLF is an especially important treatable disease for otologists.
Etiology and Classification of PLF
PLF was first recognized in the early days of sta pedectomy, when disequilibrium and balance problems as a result of unsuccessful sealing of the stapedectomy were documented. It then became apparent that head trauma and barotrauma fol lowing external events such as flying or diving could be a cause of PLF. Descriptions of internal 134 precipitating events such as sneezing, coughing or "spontaneous PLF" with no trauma history, followed. The controversy surrounding the exis tence of these types of PLF is based more on the differences in terminology and has been the target for criticism [2, 3] . To address such criticism, it is crucial to have a proper classification of PLF. The Japanese PLF Study Group has recently classified the etiology of PLF into 4 categories (Table 1) . Al though the term "spontaneous" has been used ex tensively for cases of PLF without obvious cause, a more appropriate term would be idiopathic and this term will be used forthwith [l] .
When to Suspect a PLF?
The primary manifestations of PLF are sudden or progressive fluctuating sensorineural hearing loss and episodic vertigo. There may be a history of head trauma, often minor. Similarly, there may be a history of middle ear disease or previous middle ear surgery, particularly stapes surgery. Initial symptoms may be purely auditory or purely ves tibular and in some cases, this continues to be the case. Many patients, however, develop both types of symptoms, although there may be a significant delay before the complete clinical picture develops. Tinnitus, aural fullness and cognitive dysfunction may also occur [4] [5] [6] [7] . Aural fullness has been shown to be sensitive in the prediction of fistula [ 8] .
Balance symptoms may range from a sense of disequilibrium to rotational vertigo. These are frequently positional or effort induced. The pat tern of hearing loss is highly variable. Auditory function may be normal or significantly impaired. The hearing loss may range from high frequency to low frequency and can mimic Meniere, s dis ease or cochlear hydrops (if auditory symptoms are the sole complaint). Auditory symptoms, if present, are helpful in identifying the side affected [ 9] . Vestibular symptoms do not usually aid in lateralization. A detailed questionnaire can help in elucidating the symptoms.
Because many of these sy mptoms are non-spe cific, especially in cases with no history of trauma, PLF can be confused with other idiopathic vestib ular diseases, such as Meniere, s disease, vestibular neuronitis or idiopathic sudden sensorineural hearing loss [ 6, 10] . The lack of specificity of sy mptoms, the variability of fistula-related symp toms, the possibility of idiopathic etiology [ 11] (even though most of PLF are trauma-related) and the possibility of curative surgery means that there should be a high index of suspicion for PLF in pa tients with any cochlea and/or vestibular symp toms and, moreover, when such a sy mptomatol ogy appears to be atypical. Atypical features in clude the resistance to treatment (BPPV refractory to repeated maneuvers; Meniere disease unsolved by various medical treatment) or a hydrops that occurs after slight (low velocity) head trauma. A PLF should be suspected and ruled out before any medical or surgical vestibular deafferentation pro cedure for refractory Meniere disease is consid ered, for example, neurectomy or lab yr inthecto my. It should be borne in mind, however, that when there is doubt between a diagnosis of Me niere, s disease and a PLF, surgical exploration along with sealing of windows makes a secondary chemical lab yr inthectomy less effective due to the obliteration of diffusion pathways through the lab yr inthine windows. A PLF should also be sus pected in patients presenting with an acute unilat eral sensorineural hearing loss of unknown origin, especially without vascular risk factor. Because PLF is often not considered within the differential diagnosis, there may be a significant delay in diag nosis (months or years) following the initial caus ative event. Portmann proposed a classification including a clinical scale, that would be usefully updated by new examination tools [12] .
How to Confirm the Diagnosis of PLF?
The diagnosis of PLF relies on the sum of clinical and functional investigations. Investigations in clude appropriate audio-vestibular testing and high resolution imaging. So far, apart form the promising Cochlin-tomoprotein analysis testing (CTP; discussed below) [13] [14] [15] , there is no clear diagnostic tool [9] .
Positional audiometry can be very helpful [16] . This involves undertaking a pure tone au diogram with the patient lying in the lateral decu bitus position towards the suspected side (both ears should be assessed) for 30 min. This test is said to be positive if there is a threshold shift of 10 dB HL or more in at least 3 consecutive frequen cies. This test is very specific but not sensitive. It can help to localize the pathologic side in cases of a pure vestibular presentation (Fig. 1) .
Formal vestibular assessment is mandatory al though abnormalities on caloric testing are found in less than half of patients [17] . Videonystag mography can, however, be helpful in identifying nystagmus induced by loud noise (Tullio phe nomenon) or through changes in pressure using Hennebert , s maneuver ( tragal pressure or using impedance test) or valsalva maneuver ( canal dehiscence, that is, decreased threshold and increased amplitude [19) (Fig. 2b) .
Imaging is also an essential part of the diagno sis. Both high resolution CT-scanning and MRI scanning may be helpful; normal imaging, 136 250 500 1,000 2,000 4,000 8,000
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Frequency, Hz however, does not exclude a PLF [21) . Apart form the presence of a pneumolab yr inth or an obvious inner ear malformation (both of which are rare but almost pathognomonic) [22) , CT imaging may demonstrate liquid filling part or the whole of the important to exclude a third window, for example, superior canal dehiscence. MR imaging is manda tory mainly to rule out the differential diagnosis of unilateral cochleo-vestibular symptoms and elimi nate a malformation of the inner ear that could be a contributing factor to the development of a PLF. To improve the diagnosis rate, Benichou [24] used a variation of the threshold of the CT-scan gradient to identify PLF. In the same vein, King et al. [25] demonstrated the patency of the inner ear that occurred in 90% at the stapes area using MRI-scan with intra-tympanic administration of gadolinium [25] .
Post-urography is a very sensitive evaluation tool, but lacks specificity. Its use in PLF assess ment was described as early as 1992 [26] . Postur al testing can be used in conjunction with expo sure to noise and pressure changes to distinguish less obvious fistula-related dizziness [27] . It may 138 also reveal an over-reliance on visual cues (visual dependency) that reflect vestibular impairment (Fig. 4) . We thus think that using post-urography along with wavelet ana l ysis may help demon strate both slight impairment of sway (Fig. 5) , and malingering when facing periodic oscillation of the centre of gravity that can be revealed by the analysis in frequency domain.
All these investigations are useful but are time consuming. Thus, the decision to select one or more of these tests should be undertaken on a case-by-case basis, depending on the severity of symptoms, especially auditory. In cases with a 
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A Novel Biomarker CTP for PLF Diagnosis, Japanese Diagnostic Criteria and Nationwide Survey
The gold standard means of making a diagno sis is direct visualization of the peril ym phatic leak through a tympanotomy. This is, often both dif ficult and highly subjective (see below). and intrathecal fluorescein, all of which are markers of CSF leakage. An electrophoretic as say of middle ear fluid for the presence of beta-2 transferrin has been developed (28) . But whilst this technique holds promise, the dilutional ef fect during collection and preparation of the sample may lower the beta-2 transferrin concen tration below the detection limits of the assay. Due to the relative amount of serum and peri lymph in a mixed sample, electrophoretic sepa ration of transferrin variant may not be diagnos tic (29) . Similarly, beta-trace protein (Beta-TP, prostaglandin D synthase) has been used as a CSF leakage marker (30). Beta-TP is detectable in higher concentrations in the inner ear fluids than in CSF. However, there are some difficul ties with its use as the normal perilymph concen tration of Beta-TP is unknown, and it is impos sible to distinguish CSF leakage from PLF leak age (31, 32) . CTP is present in perilymph but not ex pressed in the serum, saliva or CSF. It has, there fore, been used as a novel biomarker for PLF (15] 140 (Fig. 6) . Leaked perilymph can be recovered by lavage of the middle ear with saline (MEL). The recovered fluid should preferably be more than 0.1 mL to allow for duplicate or triplicate mea surements or re-testing, although 0.05 mL is the minimum volume that can be tested. In outpa tients, MEL is collected after myringotomy using a conventional blade or CO2 laser. MEL can also be collected during surgery, such as exploratory tympanotomy, tympanoplasty or stapes surgery. When CTP is found in a sample, perilymph leak age is considered to be present. A negative test does not exclude a leak; however, it may indicate only a small volume of leakage or intermittent leakage.
Since 2009, Ikezono et al. (33, 34) have been using a western blot technique to test for CTP and have reported CTP in the cochlear fluid from pa tients with perilymph gushers via cochleostomy, from middle ear fluids following penetrating middle ear injuries and following revision stapes surgery (33-35). In 2012, an ELISA kit using polyclonal antibodies was developed in collabo- Table 2 . Proposed Japanese diagnostic criteria of PLF (2017) A Symptoms
Hearing impairment, tinnitus, aural fullness, vestibular symptoms are observed in those with the preceding events:
(1) Coexisting or pre-existing middle and/or inner ear diseases, (trauma, cholesteatoma, tumor, anomaly, SCCD, etc.), middle and/or inner ear surgeries (2) Barotrauma caused by antecedent events of external origin (e.g., blasting, diving or flying, etc.) (3) Barotrauma caused by antecedent events of interna I origin (e.g., nose-blowing, sneezing, straining or carry ing heavy objects, etc) ration with IBL (Immuno-Biological Laborato ries, Inc., Gunma, Japan). This has been used to test samples from 100 hospitals nationwide with the help of SRL, Inc., one of the biggest clinical laboratory testing service enterprises in Japan. This technique is more straightforward than the previously described western blot testing system, with results easily reported to the patient's clini cian (36, 37) .
Unlike other countries, PLF has been one of the main targets for otology research in Japan. The first diagnostic criteria was put forward in 1983 [38) and since then, a national study group has been studying PLF. After the introduction of the diagnostic test using CTP, PLF diagnostic cri teria were revised in 2016 (37) ( Table 2) . It is based on clinical symptoms, history and physio logical test results. Figure 7 shows the ratio of cas- It is important to realize that although several potential pathways exist between the perilym phatic space and the middle ear, the actual leak age of fluid can be difficult or impossible to prove [39] . The conventional gold standard of PLF de tection is the intraoperative visualization of peri l ym ph leakage. This is not always possible, how ever, and the absence of observed leakage does not exclude the diagnosis. Similarly, the presence of fluid collection in the round and oval window niches may not necessarily represent perilymph as blood, tissue fluid and irrigation fluid can all be mistaken for perilymph [ 40] . The difficulty of making a definitive diagnosis of PLF has caused a long-standing debate regarding its prevalence, natural history, management and even its very ex istence [l, 2, 41-43].
Surgical Technique
In the presence of disabling s ym ptoms (vertigo and dizziness, progressive sensorineural hearing loss), surgical sealing of the fistula is recommend ed. This is achieved through middle ear explora tion, ideally using both microscope and endo scope. Leakage from the oval and round window areas is sought and systematic sealing of the win dows undertaken even if no leakage is identified. Autologous connective tissue is harvested and used to obliterate oval and round windows. Fat, temporalis fascia or perichondrium from the tra gus can all be used. The latter is our material of choice considering its ease of use and relative sta- . lntraoperative picture of a right ear. After elevation of the drum, sealing of both oval and round window areas was carried out using perichondrium after refreshing surrounding mucosa.
bility in fluids (fascia has the disadvantage that it swells in contact with fluid). Counseling of the patient is crucial and patients should be informed that a specific leak may not be identified, but that sealing will be undertaken even if this is the case. Hyperventilation, Trendeleberg positioning and jugular vein compression can be used to increase diagnostic yield but are not necessarily effective (Fig. 8) .
Prognosis appears to be linked to the delay be tween the causative event and surgical treatment [ 44] ; however, it seems difficult to reduce this de lay to intervention. Despite this, some patients may benefit from surgical treatment up to 6 months after the causative event [45, 46] .
Conclusion
To conclude, PLF is a genuine condition that re quires a high index of suspicion to identify cases. Cross-sectional imaging should also be undertak en. The CTP test is currently being reviewed for Japanese FDA approval, and may become avail able worldwide in several years as a useful adjunct to diagnosis. Close communication between radi ologist, clinicians, surgeons and the patient is cru cial and represents one of the key points of this particular disease.
